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iathraa  toaia  la  praaaat  la  laeraaala(  aaouata  la  body  flalda  of 
Ibaaaa  aoakap  dpl^  of  aathraa,  (3)  prodaead,  atarlla 

aathxax  toaia  xa  eapakla  of  caoalag  tba  daath  of  Cbaaoa  aoakap.  (4) 
Aathraa  oatlaaraa  protoeta  tba  Ibaaaa  aoakap  agalaat  vitro  toaia 
prodaead  bp  J.  aatbracla.  Thaaa  flodlaga  loplp  that  tba  traataiat  of 
the  dlaaaaa  la  aaa  ahoald  ka  ravlaad  to  iacloda  aao  of  aatltoala  for 
aaatrallaatioa  affacta. 


J28|l  Iks  Isolaclaal  iai  ^Uwtaloglaat  Aapoeta  ot  lioletleal 

rteU'tMtiat  a*  BagHV  rrariog  OrouM 

ilBflIi  mm 

Bmwiy  Fiwrlag  Cniiw< 

Amis*  ^  okJaeelvM  and  ^taal  faactlooa  of  tba  uatqna  orsaa- 
laattaa  an  nlataa  aa  ntaida  blelotteal  flaU-taaelag  aafatjr,  froa 
aiaaltaaaaaa  flaaaaa  aurray  data  of  vlldltfa  aad  ttvaatoeic  petiula* 
tlaaat  oa  aad  aaar  tha  frovlat  Oroaad,  ladtuta  that  than  haa  boaa 
ao  aaeapa  of  mr  ftat,  hat  lactdaoBO  la  ayfaraatly  dua  to  aadaa.': 
dlaaaaaa  of  aatin  erl(la. 

A  datatalaaclaa  haa  hoaa  aado  fna  acolotteal  atadlaa 
elaaatfjrlat  tha  ana  tato  aonral  typt  aa  dallaoatad  hy  gaaanl 
nllaf »  nil  tyr*  aad  yUac  eonr  ftoa  ahicli  eaa  ha  pndletod  tba 
fMatity  aad  tyy^  of  aatlva  faaaa.  lhaaa  data  him  bad  ynetlcal 
appllaatloa  la  davtalas  a  eeatnl  yngna  aad  for  raaa—adaflnaa  n 
to  taatlag  aetloltlaa. 


KI£IN,  HODGES,  HUiL&NDT,  JONES, 
HAHiES  and  UNCOUI 


EVIDENCE  IHAT  RHESUS  dONKEIS 
DIE  FRCM  ANIHRAX 
TOXIN 

T,  KLEIN,  LT.  D.  R.  HODGES  (VC),  B.  G.  MAHIAIiDT 
V.  I.  JONES,  B.  V.  HAINES  and 
R.  £.  LZNCCLN 


n.  S.  ARMT  CHEHICAL  CCRFS 
FORT  DETRICK,  FREDERICK,  HARYIAND 


Sane  of  the  aarllest  eTidcnce  of  toxin  production  during  the 
growth  of  Baclllua  anthryis.  although  apparently  unrecognized  as 
such,  were  presented  by  Sobeznheis  (8)  who  described  anthrax  as 
producing  edema  and  hemorrhage  and  interf  erring  with  blood  clotting 
and  carbohydrate  metabolism.  Later,  Howie  and  Oruickshank  (3)  showed 
that  th^  could  Increase  the  lethal  effect  of  anthrax  by  injecting 
shock-producing  substances  into  animals  previously  challenged  with  D. 
anthraeis.  Smith  et  al.  (7)  observed  that  the  terminal  phase  of 
anihrax  is  acconpaHeTVy  secondary  shock  which  they  reported  to  be 
the  major  cause  of  death.  Their  work,  partly  eonfimed  by  Ross  (6), 
lead  to  the  demonstration  of  a  specii'ie  toxin  isolated  from  the 
plasma  of  guinea  pigs  which  had  died  of  anthrax.  The  plasma,  steri¬ 
lized  by  filtration,  was  shown  to  produce  an  edema  idien  injected  into 
the  skin  and  death  when  injected  intravenously  into  other  guinea 
pigs.  Recently,  Stanley  and  Smith  (9)  and  Beall  and  Taylor  (1)  in¬ 
dependently  discovered  that  "toxin”  is  conposed  of  at  least  3  com¬ 
ponents,  Identified  by  the  latter  authors  as  protective  antigen, 
guinea  pig  edema  factor  and  rat  lethal  factor.  They  also  showed  that 
rat  lethal  factor  is  toxic  only  in  association  with  protective 
antigen. 

It  is  our  purpose  to  report  on  work  demonstrating!  (1)  the 
«  presence  of  toxin  in  blood  and  lymph  of  the  Rhesus  monkey  (2)quantl- 

tative  increases  of  toxin  in  blood  and  lymph  prior  to  death  and  (3) 
other  evidence  of  toxemic  death. 

In  order  to  obtain  body  fluids  for  tnese  studies  workers  in 
>  our  laboratories  (Hodges  and  Rhlan,  2}  developed  a  survivsl  surgical 

procedure  for  cannulation  of  the  thoracic  and  right  lymph  ducts  snd 
the  Jugular  vein  of  the  Rhesus  monkey.  The  procedure  involves  ripen¬ 
ing  the  chest  to  enter  the  superior  meciastlnum  by  bisecting  the 
sternum  thus  exposing  for  cannulation  both  right  and  thoracic  lymph 
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dtiota.  Ibsaa  duets  are  pictured  dlagraonatleaUlx  in  (Fig»  1)»  Siaul- 
tansoualjr  a  Tenons  oannnla  is  placed  in  the  heart  by  jugular  vein 
eannulation>.  FoUoMlng  this  procedure  the  nonkeys  recover  rapidly  as 
^om  in  this  picture  of  a  monkey  2ii  hours  pest  surgezy*  (Fig»  2) 
lynph  is  oolleoted  continuously  and  blood  sanples  can  be  drawn  as 
desired*  For  this  study,  changes  in  concentration  of  nicroorganisr.j 
and  toxin  in  the  lyqih  and  blood  were  measured  foUoviug  c''?lliii)ige 
with  B9  anthraeis« 

Quantitatlre  sassy  ^or  toxin  was  based  on  two  procedures,  the 
first,  that  of  Beall  and  Taylor  (1)  based  on  the  susceptibility  of 
Fischer  rats  to  anthrax  toxin,  and  the  second,  based  on  the  agar 
diffusion  teefaniqua  described  fay  Thome  and  Belton  (10)  to  maasure  the 
precipitation  of  antibody  and  antigen. 

Our  studies  are  based  on  the  following  eb.aiTatlonst  (1) 
toxin  is  present  in  the  tensinal  blood  of  monkeys  dying  of  anthrax, 

(2)  toxin  increases  In  concentration  in  both  the  ly^ph  and  blood 
reaching  a  maximum  at  death,  (3)  sterile  toxin  alone  causes  death  of 
the  aunkay  and  (b)  rapid  death  occurs  in  monkeys  following  an  in¬ 
jection  of  10^  B.  anthracis  spores. 

During  the  course  of  work  reported  elsewhere,  in  which  the 
course  of  anthrax  aiid  the  developiBant  of  "epticeadm  in  the  Rhesus 
monkay  was  studied,  we  tested  the  terminal  blood  of  15  Rhesus  monkeys 
for  toxin.  In  12  of  those  terminal  blood  samples  toxin  was  deaon- 
strated  fay  death  of  the  rat. 

Bxrsaslng  concentrations  of  toxin,  to  a  maxiaua  at  death, 
were  obtained  fron  tw  monkeys  studied  to  date.  The  thoracic  lyn|)h 
duct  and  the  jugular  vein  of  the  first  monkey  were  oannulated.  Twenty 
fow  hours  post>snrgery  tbs  monkey  was  inoculated  intrademally  with 
2,(y  virulent  anthrax  spores.  The  site  of  inoculation  vrained  to  the 
popliteal  lyiqdi  node.  The  animal  died  bl.5  hours  after  challenge. 
Ijrnpb  was  collected  regularly  during  that  time  and  the  sasples  were 
kept  separated  so  that  changes  in  the  lysqdi  could  be  correlated  with 
time.  Changes  in  organisms  and  toxin  levels  are  shown  in  Table  1. 

The  results  of  three  assays  of  each  sa^>le  are  shown.  Fui-  instance, 
the  lynph  collected  from  this  monkey  at  17  boors  prior  to  death  was 
found  to  contain  <  0.2  x  -md  orgs/ml  while  lynph  eollsoted  3  hours 
prior  to  death  contained  08  x  10^  orgs/nl.  During  this  same  period 
the  to3dn  titer  increased  from  0  to  a  l/5  dilution.  When  1  ml  of  the 
3^our  lys^  sample  was  injected  intravenously  into  each  of  two  rats 
they  survived  for  an  average  time  of  Ibb  minutes.  From  this  table  it 
oan  be  seen  that  tbs  lymph  collected  near  the  death  of  the  monkey  was 
both  anre  antigenic  and  more  lethal  to  rats  than  lyiqph  coUeeted 
several  hours  prior  to  death.  Tnls  observed  increase  in  toxin  is 
statistically  significant  (P  <  .001). 
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Sterile  ljrBq>h  collected  before  challenge  was  not  toxic  to  rats. 

It  was  also  proven  that  a  conbination  of  two  parts  of  the  toxic 
and  one  part  of  anthrax  antiserum*  was  non^tadc.  The  above  tests 
demonstrate  that  death  was  caused  by  toxin  produced  by  B.  anthracls 
infection. 

The  second  experiment  was  siwilnr  to  the  first  rxcept  che 
right  lyiq>h  duct,  which  drains  a  major  portion  of  the  lungs,  was  used 
Instead  of  the  thoracic  duct.  Also,  the  monkey  was  challenged  by  the 
aerosol  route  with  3  x  10^  anthrax  spores.  The  data  from  this  monkey, 
which  died  in  57  hours,  are  shown  In  Table  2.  Since  the  iynph  flow 
was  vaty  slow  only  a  snail  amount  could  be  collected  over  any  tine 
period.  Thus  the  toxin  test  used  only  one  rat  per  point  and  challenge 
was  with  only  0.5  ml  of  lyigsh.  Therefore,  the  times  to  death  on  this 
table  do  not  eonqiare  directiy  t--  those  on  the  preceding  table.  Tha 
regression  of  time  prior  to  death  of  the  monkey  time  to  death  c. 
the  rat  has  a  sll^t  significant  slope  (P<.10)«  Although  the  level 
of  signlflcanoe  la  low,  probably  due  to  the  onall  number  of  rats, 
there  is  an  increase  in  toxin  coneontratlon  during  the  period  of 
observation.  These  observations  parallel  those  made  in  the  previous 
experiment.  The  agar  precipitation  test  was  not  performed  on  any  of 
these  8aiq)lea  because  of  insufficient  natarial* 

The  totni^nai  blood  of  each  of  ther'>  two  monkeys  was  assayed 
for  toxin.  That  of  the  first  monkey  was  found  to  be  negative  whereas 
the  terminal  blood  of  the  second  monkey  was  toxic  for  rats.  From 
Fig.  3  it  la  seen  by  the  dotten  line  that  the  concentration  of  orga^ 
nine  in  the  Ijnph  of  the  first  monkey  built  up  rapidly  to  approx- 
Imately  lo^  organisau  per  ml.  There  was  no  such  buildup  however  in 
the  blood  (solid  line)  of  this  animal.  It  is  shown  in  Fig.  U  that  the 
concentration  of  organisms  in  both  the  blood  and  lymph  of  tKe  second 
monkey  Increased  to  relatively  high  levels.  As  with  the  first  monkey, 
however,  the  buildup  of  organisms  in  the  lyxpb  was  greater  than  in  the 
blood.  It  was  also  found  that  the  terminal  blood  of  tha  second  monkey 
was  toxlo  for  rats  which  died  four  hours  after  being  injected  with 
0.5  ml  of  the  blood. 

Tbs  fact  that  blood  of  the  first  monkey  did  not  develop  toxin 
to  a  daaonstrabls  level  is  not  une:qpected.  Ve  have  shown  that  the 
principal  extravascular  nute  of  anthrax  organisms  and  toxin  into  the 
blood  is  through  ^e  thoracic  and  right  lyiqph  ducts.  Malek  et 
(U)  demonstrated  in  sheep  that  at  the  peak  of  inflammation  oF'tne 
lynph  nodes  a  pathological  secondary  lyrnnho-venous  communication  is 
established  which  allows  direct  passage  of  organisms  into  the  bloody 


*  Anthrax  spore  antiserum  from  hyperfmmunized  horse  (DH-\-4iA) 
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Slnca  ws  eoUseted  all  thoraeie  and  rlsbt  lyaph  taafora  it  antared  the 
blood  stream,  wa  nay  have  removed  most  of  the  organisms  and  toxin  not 
actually  diffused  fay  this  saeondaiy  patholc^ical  eomninication.  Ana¬ 
tomically  there  are  fewer  lyaq^  nodes  in  the  popliteal  and  inguinal 
region  than  in  the  region  draining  the  lungs.  Bence,  it  is  a  question 
of  the  number  of  pathological  secondary  lyagAo-Tenona  eaBiitunica-.J.on> 
between  the  two  lymph  systems  that  may  account  for  the  absencir  of 
toxin  and  low  eonoantration  of  organisms  in  the  iabredamaiLly 
challenged  monkey* 

The  data  show  that  toxicily  is  proportional  to  the  concen¬ 
tration  of  organiaas  in  the  boc^  fluids*  Spec:*fieaUy  the  lymph  of 
both  monkeys  showed  parallel  increases  of  both  argmodams  and  toxicily’* 
The  blood  of  the  first  showed  a  negligibla  increase  of  organisms  and 
no  toxicity,  whnreas  the  blood  of  the  second  ahuwad  a  substanti;!!  ii*- 
ereasa  in  organisms  acconpanied  uy  a  demonstrable  toxicity*  This  C 
the  first  demonstration  for  such  a  ouild»up  of  toxin  In  bo4y  fluids  of 
monkeys  and  oomplarasnts  the  British  obserration  on  toxin  in  terminal 
blood  of  guinea  pigs* 

The  next  step  was  to  show  that  anthrax  toxin  alone  is  suff  iii* 
dent  to  causa  the  death  of  these  animals,  fterile  toxin  was  produced 
in  vitro  by  the  method  of  Thome  et  al*  (11)  of  a  potency  such  that 
ITial  doses  IdJlod  rats  in  an  average  of  80  minutes*  A  doss  of  250  ml 
of  this  toxin  was  administered  Intracardially  to  a  Btesus  monkey 
weighing  16  pounds*  The  monkey  received  the  toxin  with  no  apparont 
ill  effects*  It  died  21  boors  post-challenge  with  terminal  symptoeis 
t^lcally  assodated  with  toxic  death  in  rats*  {i*e*,  psrtial  paral¬ 
ysis  of  upper  extremities  and  extreme  r  espiratozy  distzeas,  accom¬ 
panied  by  maasive  pulmonary  edema)* 

In  another  trial  three  8-pound  Rhesus  monkeys  were  challenged 
intravenously  with  200  ml,  250  ml  and  UOO  ml  respectively,  of  stsrlle 
in  vitro  produced  anthrax  toxin*  A  fourth  monkey  reodved  250  ibI  of 
^xln  f!ollowed  by  three  50  ml  injections  of  antisernm  given  0,  1/2  and 
21  hours  post-challenge*  The  a-iimal  receiving  200  ml  survived}  the 
animals  challenged  with  250  ml  and  1^00  ml  died  in  60  and  33  hours 
respectively*  The  animal  receiving  anthrax  anUisena  aurvl/ed*  These 
data  indicate  a  dose-response  relationship  between  anthrax  toxin  and 
death  of  the  Khosus  monkey  and  that  toxin  was  neutralised  by  anti¬ 
serum* 


The  final  evidence  of  toxemic  death  of  Rheans  monkeys  was 
revealed  when  a  dose  response  curve  for  challenge  doeas  of  lo?  through 
^^11  spores  was  run*  The  expected  doss  re^onse  was  observed  for  the 
doses  10^  through  20^9  spores  with  death  occurring  between  20  and  50 
hours*  Three  laonkeys  given  spores,  however,  died  2  hours  after 
challenge  with  synq>toms  of  toxemic  death*  We  interpret  these  obser¬ 
vations  as  showing  that  spores,  on  gexnina'olon  and  outgrowth. 
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produce  enough  torLn  to  tclU  a  aonlce/.  The  mtirely  different  course 
of  the  disease  as  evidenced  by  short  tine  death  and  only  agnnptoms 
of  tcoceola  indicate  that  ihese  three  monkeys  died  of  anthrax  toxin* 

Zh  suianazy  it  has  been  shown  thatt  (1)  Anthrax  toxin  can  b. 
demonstrated  in  body  fluids  of  the  Rhesus  monkey  at  death.  (C; 

Anthrax  toxin  is  present  in  increasing  amounts  in  body  fluids  of  the 
Rhesus  monkey  dying  of  anthrax*  (3)  In  vitro  produced,  sterile 
anthrax  toxin  is  capable  of  causing  tEe  death  of  Rhesus  monkeys*  (U) 
m  the  one  instance  in  which  it  was  tried,  anthrax  antiserum  protected 
the  Rhesus  monkey  against  ^  vitro  texin  produced  by  B*  anthracis* 

The  iagrartance  of  toxin  in  affecting  ths  pathogenic  course  and 
therefore  the  treatment  of  the  disease  man  x-smalns  to  be  detcmlned* 
It  would  seem  probable  that  the  effect  «.f  toxin  f  ;*an  is  like  tha'  in 
other  animals*  This  additional  knowledge  of  toxin  has  a  significant 
Implication  on  the  trcataiunt  of  the  disease*  Since  the  introduction 
of  antibiotics,  all  trea^aent  is  directed  against  the  organism.  It 
seems  clear  now  that  in  order  to  bo  fully  effective  in  treating 
systemic  anthrax  it  will  be  necessary  also  to  direct  treatment  against 
the  toxin.  Thus  antibiotics  alone  do  not  constitute  adequate  treats 
ment,  except,  of  oourse,  when  begun  in  a  very  early  stage  of  the 
disease.  It  now  remains  to  develop  an  effective  antitoxin  since  the 
laboratory  and  clinical  methods  available  to  us  at  this  time  are  in¬ 
adequate  for  early  detection  of  the  disease.  like  conclusions  were 
drawn  by  KLotkin  et  al.  (5)  following  their  observations  on  the  New 
Hai^shlre  epidemic  o?”inh^ation  anthrax  who  state  "In  view  of  the 
importance  of  toxemia  to  the  outcome  of  the  experimental  disease,  the 
use  of  antitoxin  seems  logically  indicated  in  human  inhalation 
anthrax". 


XIEllf,  HOnmS,  HAHLUiDT,  JOKES, 
iUlBES  and  UNCOIK 


1*  Baall,  F«A«  and  H. J.  Ttgrlor*  1962  Aeeaptad  ly  J,  Baet.  Tor 
pubUeatioo* 

2*  Bodgea,  I)«R«  and  MJL«Rhian.  1962  J*  Bqr*  Mnd  and  Snrgei7> 

20tfa  Vol. 

3«  HoMla,  J.V.  and  J«  Crulekshank.  19it7  J«  Path*  and  Baeteriol* 

12*  7^7. 

lu  Halek,  P«,  J.  Kola  and  F.  Zak*  1959  J*  of  Baat*,  Paraslt*  and 
^g.|  Abt.  I  Orlg.  ]Jht  9ii. 

5*  Plotldn,  S.H.,  P*  S*  Braehiaan  and  M*  Btall.  I960  The  Anar* 
Jour,  of  Had.  7ol«  XXIZt  992. 

6«  Boss,  JJf«  1955  Brit*  J*  Expr.  Path*  J6t  336* 

7«  amth,  H*,  J*  Kapple,  J.T.  Stanley  and  P.V.  Harria-Siaith.  1955 
J.  Oen*  Microbial.  731* 

8*  Sobcmhoia,  0*  1931  Handbnck  de  Pathogenen  Mlkro-organlaiaaa 
lOlil  Otetor  naotaer,  Jena* 

9*  Stanlay,  J.L.  and  H*  Salth*  1961  J.  Gan.  HLcrobiol.  26*  2*9. 

10*  tboma,  C.B.  and  F.C.  Balton.  1957  J*  Gan.  Mleroblol*  505* 

U*  Itaoma,  C.B.,  O.M.  Holnar  and  R.E.  Strange.  I960  J.  Bact.  79* 
U50.  “ 
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TASLE  I.  ANTHRAX  ORGANISMS  AND  TOXIN  IN  LYMPH  PROM 
MONKEY  CHALLENGED  BY  INTRAOERMAL  ROUTE. 
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TA8LC  2.  ANTHRAX  OROANISMS  AND  TOXIN  IN  LYMPH 

FROM  MONKEY  CHALLCNOEO  RY  AEROSOL  ROUTE. 
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INTRAOCRMALLY  CHAU.EN6ED  WITH  SPOHES  OP  P.  ANTHRAaS 


AEROSOL  CHALLENOC  WITH  SPORES  OF  B.  ANThNAaS 


